ABSTRACT In the last step of polypeptide chain initiation in eukaryotes, the interaction of the 40S preinitiation complex eIF-2 GTP Met-tRNAj 4OS [the complex between the 40S ribosomal subunit and the ternary complex containing equimolar amounts of eukaryotic initiation factor 2 (eIF-2), GTP, and eukaryotic initiator methionyl tRNA (Met-tRNA;)] with a 60S ribosomal subunit in the presence of mRNA, cap binding protein (with "capped" messengers), ATP, and the initiation factors eIF-3, eIF-4a, -4b, -4c, and eIF-5, results in the formation of an 80S initiation complex (MettRNAj'80S'mRNA) with concomitant hydrolysis of GTP and liberation of eIF-2 for recycling in subsequent initiation events. However, at physiological Mg2+ concentrations, GDP is known to have '100-fold greater affinity than GTP for eIF-2 and eIF-2 is believed to be released in the form of an eIF-2'GDP complex. Previously, we have shown that initiation factor SP (for eIF-2-stimulating protein) promotes the exchange of eIF-2-bound GDP for GTP and catalyzes ternary complex formation in the presence of Met-tRNA;. Binding of GDP by eIF-2 is indeed so tight that, as we now show, homogeneous preparations of eIF-2 contain upward of 0.5 mol of GDP/mol of eIF-2. We further show that, in the presence of Mg2+ and catalytic amounts of SP, ternary complex formation conforms to the overall reversible reaction eIF-2'GDP + GTP + Met-tRNA, = eIF-2 GTP'Met-tRNA; + GDP.
The first step of polypeptide chain initiation in eukaryotes is the formation of a ternary complex containing equimolar amounts of eukaryotic initiation factor 2 (eIF-2), GTP, and eukaryotic initiator methionyl tRNA (Met-tRNAi). This complex binds to a 40S ribosomal subunit, giving rise to a 40S preinitiation complex. In the presence of a 60S ribosomal subunit, mRNA, additional factors, and ATP, an 80S initiation complex is formed, setting the stage for chain elongation. Formation of the 80S complex is accompanied by GTP hydrolysis and eIF-2 release (see the diagram in ref. 1) . Ternary complex formation is inhibited by Mg2+ (2) , which, however, is required for the ensuing steps (3) . In the presence of Mg2+, eIF-2 has at least 100-fold higher affinity for GDP than for GTP (4) , suggesting that the factor is released as an eIF-2-GDP complex on completion of each initiation round. In the presence of Mg2+, formation of a ternary complex (which contains GTP) requires, therefore, a mechanism for exchange of eIF-2-bound GDP for GTP (5, 6 ). This exchange is catalyzed by a factor termed SP [for eIF-2-stimulating protein (6) ] or GEF [for GDP exchange (7) ]. The strong similarity of ternary complex formation in eukaryotic chain initiation and prokaryotic chain elongation has been pointed out (6) . It is now apparent that eIF-2 and SP are the counterparts of the chain elongation factors EF-Tu and EF-Ts, respectively (6) . This model is consistent with the following: (i) the isolation of homogeneous eIF-2SP (6, 8) and its dissociation in high salt into eIF-2 and SP (refs. 9 and 10; unpublished data), (ii) the presence of GDP in eIF-2 and its absence from eIF-2'SP (this paper), (iii) the catalytic effect of eIF-2'SP (6, 8) Proc. Natl. Acad. Sci. USA 80 (1983) 1233 mation. In method 1, the complex was formed in the absence of Mg2' and eIF-2-SP as in earlier work (11) and then reversed by the addition of Mg2+, eIF-2-SP, and GDP. In method 2, the forward reaction was allowed to approach equilibrium in the presence of Mg2' and eIF-2-SP and then reversed by the addition of GDP.
Protein was assayed by the Bradford procedure (12) with bovine serum albumin as the standard.
Preparations. eIF-2 was prepared by the method of Benne et al. (13) . Preparations used for assay of eIF-2-bound GDP were purified from either the reticulocyte ribosomal high-salt wash or the postribosomal supernatant through the last (sucrose gradient centrifugation) step and were virtually homogeneous as judged by NaDodSO4/polyacrylamide gel electrophoresis. The A280 nm/A2o nm ratio was -1.5. The postribosomal supernatant yielded preparations that were deficient in /3-subunit (14), but native eIF-2 was obtained by using 0.5 mM phenylmethylsulfonyl fluoride to prevent proteolysis. This was added to the lysate and was present in all solutions throughout purification. The GDP content was the same with native or (3-subunit-deficient eIF-2. In all other cases, eIF-2 was purified only through the phosphocellulose step (13) to 80-90% purity. This is the preparation referred to earlier (6) as eIF-2c. Concentrations of eIF-2 are corrected for purity throughout. Other preparations, including homogeneous eIF-2'SP, were as described (6, 8) .
RESULTS
Presence of Bound GDP in eIF-2. eIF-2, purified to homogeneity from either the postribosomal supernatant or the highsalt ribosomal wash of reticulocyte lysates, and homogeneous eIF-2-SP (from the postribosomal supernatant) were assayed for bound GDP. A typical experiment is shown in Fig. 1 Fig. 3B (final vol of samples, 600 A/) using 1.0 mM Mg(OAc)2, 2.5 AiM GDP, and either 52 nM eIF-2-SP or no eIF-2-SP (control). * and a, elF-2(aP) and eIF-2(13P) without eIF-2-SP; * and o, eIF-2(aP) and eIF-2(p3P) with eIF-2-SP; 100% ternary complex averaged 1.92 pmol. The preparation of a-and (3-subunit-phosphorylated eIF-2 has been described (6) .
the presence ofGDP and in the absence or presence ofeIF-2-SP is shown in Fig. 3B , which shows that the rate of reversal increases with increasing concentration of eIF-2-SP. As with ternary complex formation, phosphorylation of the eIF-2 a-subunit by heme-controlled translational inhibitor interferes with ternary complex reversal (Fig. 4) . In Fig. 5 Thus, eIF-2'GDP rather than free eIF-2 would be a reactant in ternary complex formation. As reported here, the reaction is reversible and the equilibrium is readily shifted in the backward direction by increasing the concentration of GDP. Then, as MettRNAi is released from the complex, GDP becomes bound to eIF-2. As expected, the back reaction has as stringent a requirement for eIF-2-SP as does the forward reaction (6, 8) and is inhibited when the eIF-2 a-subunit is phosphorylated. Using partially purified eIF-2 (probably containing SP) from Ehrlich ascites tumor cells, Pain and Clemens (17) have recently reported a ternary complex dissociation by GDP that was largely prevented by heme-controlled initiation factor. These observations are explained by the results reported here. Our results provide a logical explanation for the so-called ternary complex dissociation reaction (15, 16) . Ternary complex dissociation has been believed to be promoted by a ternary complex dissociation factor (TDF), later renamed CeeIF-2B, present in crude reticulocyte lysate fractions. This factor was reported to dissociate ternary complex at high Mg2+ concentrations (5 mM) and low temperature (00C). CoeIF-2B was further believed to be required for 40S complex formation, a paradoxical requirement, for it is generally accepted that the 40S complex is formed by interaction of the ternary complex (eIF-2-GTP-MettRNAi) with a 40S ribosomal subunit. We reported previously (11) that, under the conditions of Majumdar et al. (15) , ternary complex dissociation is promoted by virtually homogeneous eIF-2'SP and cast doubt on the existence ofa dissociating factor (CoeIF-2B) distinct from eIF-2-SP. In this connection, it may be noted that the molecular weight of CoeIF-2B is given as 450,000 (15) , which is the same reported for eIF-2'SP (6, 8) . It is now evident that, in our earlier work on ternary complex dissociation (11) , we were in fact dealing with reversibility of ternary complex formation. It appears that the effects attributed to CoeIF-2B are due to eIF-2-SP (CoeIF-2C in Gupta's terminology), which is present in all CoeIF-2B preparations (18) .
In view of our earlier (11) and present results, the existence of CoeIF-2B is no longer tenable.
